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Association Between Omega-3 Fatty Acid 
Levels and Risk for Incident Major Bleeding 
Events and Atrial Fibrillation: MESA
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Matthew J. Budoff , MD; Khurram Nasir , MD, MPH, MSc; Michael Miller, MD; Francine K. Welty , MD, PhD; 
J. William McEvoy , MBBCh, BAO, MEHP, MHS; Zeina Dardari, MPH; Michael D. Shapiro , DO, MCR;  
Roger S. Blumenthal , MD; Michael Y. Tsai , PhD; Michael J. Blaha , MD, MPH

BACKGROUND: Randomized trials of pharmacologic strength omega-3 fatty acid (n3-FA)–based therapies suggest a dose-
dependent cardiovascular benefit. Whether blood n3-FA levels also mediate safety signals observed in these trials, such as 
increased bleeding and atrial fibrillation (AF), remains uncertain. We hypothesized that higher baseline n3-FA levels would be 
associated with incident bleeding and AF events in MESA (Multi-Ethnic Study of Atherosclerosis), which included a population 
free of clinical cardiovascular disease at baseline.

METHODS AND RESULTS: We examined the association between baseline plasma n3-FA levels (expressed as percent mass of 
total fatty acid) with incident bleeding and AF in MESA, an ongoing prospective cohort study. Bleeding events were identified 
from review of hospitalization International Classification of Diseases, Ninth Revision (ICD-9), and International Classification 
of Diseases, Tenth Revision (ICD-10), codes, and AF from participant report, discharge diagnoses, Medicare claims data, 
and study ECGs performed at MESA visit 5. Separate multivariable Cox proportional hazard modeling was used to estimate 
hazard ratios of the association of continuous n3-FA (log eicosapentaenoic acid [EPA], log docosahexaenoic acid [DHA], log 
[EPA+DHA]) and incident hospitalized bleeding events and AF. Among 6546 participants, the mean age was 62.1 years and 
53% were women. For incident bleeding, consistent statistically significant associations with lower rates were seen with in-
creasing levels of EPA and EPA+DHA in unadjusted and adjusted models including medications that modulate bleeding risk 
(aspirin, NSAIDS, corticosteroids, and proton pump inhibitors). For incident AF, a significant association with lower rates was 
seen with increasing levels of DHA, but not for EPA or EPA+DHA.

CONCLUSIONS: In MESA, higher plasma levels of n3-FA (EPA and EPA+DHA, but not DHA) were associated with significantly 
fewer hospitalized bleeding events, and higher DHA levels (but not EPA or EPA+DHA) with fewer incident AF events.

Key Words: arrhythmia ■ atrial fibrillation ■ bleeding ■ docosahexaenoic acid ■ eicosapentaenoic acid ■ omega-3

Recent randomized control trials of omega-3 fatty 
acid (n3-FA)–based therapies have heralded 
a new era of cardiovascular preventive thera-

peutics.1,2 Their benefit notwithstanding, concerns 
surrounding excess bleeding and n3-FA intake date 
back to the original observations of Dyerberg and 
colleagues3 of cardioprotection yet excess bleed-
ing among Greenland Inuits with a high intake of 

marine-based polyunsaturated fatty acids (FAs). 
These observational data were later substantiated 
by in vitro analyses suggesting that n3-FA inhibits 
platelet function via competition with arachidonic acid 
for incorporation into membrane phospholipids and 
for conversion to eicosanoids by cyclooxygenase.4 
Further, analyses within the landmark REDUCE-IT 
(Reduction of Cardiovascular Events With Icosapent 
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Ethyl Intervention Trial) have suggested that much of 
the cardiovascular benefit of an eicosapentaenoic 
acid (EPA) n3-FA–based therapy may be mediated by 
achieved on-treatment blood EPA levels, with a recent 
meta-analysis corroborating a dose-dependent car-
diovascular benefit.5 Whether blood levels also me-
diate the safety signals observed in REDUCE-IT and 
other randomized trials of n3-FA–based therapies, in-
cluding increased bleeding and atrial fibrillation (AF), 
is incompletely understood. The association between 
blood levels of n3-FA and outcomes such as bleed-
ing and AF is particularly relevant as nonprescrip-
tion strength n3-FA supplements are widely used in 
the general population and because fish intake is a 
guideline-endorsed tenet of a heart-healthy diet.

We sought to study the relationship between base-
line n3-FA levels from MESA (Multi-Ethnic Study of 
Atherosclerosis) and incident major bleeding and AF, 
to address unanswered questions regarding whether 
levels of n3-FA intake mediated by lifestyle, diet, or 
nonprescription supplementation may mirror safety 
signals observed in clinical trials using pharmacologic 
strength agents among high-risk individuals with es-
tablished cardiovascular disease. We hypothesized 
that similar to the findings from randomized clinical 
trials, higher levels of n3-FA at baseline would be as-
sociated with more major bleeding and AF events.

METHODS
Study Design and Participants
MESA is a longitudinal cohort study of 6814 men 
and women free of clinical cardiovascular disease 
at baseline (between 2000 and 2002). Its design, 
population, and methods have been previously de-
scribed.6 Between July 2000 and July 2002, 6814 
participants aged 45 to 84 years were recruited from 
6 US communities. Participants self-identified with 1 
of 4 racial/ethnic groups: Black (28%), White (38%), 

Hispanic (22%), and Chinese American (12%), and 
53% of participants were women. MESA was ap-
proved by the institutional review boards of all par-
ticipating study sites. All participants gave informed 
consent. The data that support the findings of this 
study are available from the parent study, MESA, 
upon reasonable request.

Plasma FA Measurements
Fasting blood was drawn and plasma and EDTA tubes 
were collected and processed at the first (baseline) 
study visit using a standardized protocol that has been 
previously described.7 Baseline plasma measurements 
of n3-FA were available in 6546 participants (96.1%). 
Participants without measurements available from the 
baseline examination, those with chronic anticoagulation 
with warfarin, and those with a prior cardiovascular event 
were excluded from analysis (Figure). Plasma phospho-
lipid n3-FA measurements (expressed as a percent mass 
of total FA), including those of EPA, docosahexaenoic 
acid (DHA), and their sum (EPA+DHA), were subject to 
natural log-transformation to improve normality.

Primary Outcome Measures—
Hospitalized Bleeding and Incident AF 
Events
Major bleeding events were collected from hospi-
talization records using International Classification of 
Diseases, Ninth Revision (ICD-9), and International 
Classification of Diseases, Tenth Revision (ICD-10) 
codes (from baseline examination through 2018). ICD 
codes spanning central nervous system, gastrointes-
tinal, genitourinary, respiratory, and postprocedural 
bleeding events were captured.8 Incident AF was 
identified from study ECGs, ICD-9 discharge diagno-
ses, and among participants enrolled in fee-for-service 
Medicare and inpatient and outpatient AF claims data 
(from baseline examination through 2015). Among 
participants aged ≥55  years at baseline, 86% were 

Figure.  Derivation of cohort after application of exclusion criteria.
MESA indicates Multi-Ethnic Study of Atherosclerosis.

All MESA Participants (n=6,814)

Those with fatty acids at baseline (n=6,551)

Those with no prior cardiovascular event before enrollment 
(n=6,546)

Excluded due to not having 
baseline fatty acid measurements 
(n=239) 

Excluded due to long term use of 
oral anticoagulation at baseline 
(n=24) 

Excluded due to having a 
cardiovascular event before 
enrollment (n=5) 
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enrolled in fee-for-service Medicare at some point 
during follow-up. Follow-up consisted of phone calls 
or field center visits every 9 to 12  months to iden-
tify hospitalizations and medical records. ECGs in 
MESA were read at a centralized ECG reading center 
(Epidemiological Cardiology Research Center) at Wake 
Forest University. The time to AF was set as the time 
of study visit if AF was identified from a study ECG; 
otherwise, it was set as time of hospital or physician 
claim if identified through hospitalizations and medical 
records.

Statistical Analysis
Cox proportional hazard modeling was used to es-
timate hazard ratios (HRs) associated with continu-
ous phospholipid FA on a log scale (independent 
variable) and incident hospitalized bleeding and 
AF events (dependent variable). Thus, the resultant 
HRs should be interpreted as corresponding to a 
1-unit change in the natural log of percent plasma 
phospholipid n3-FA. We developed hazard mod-
els in blocks, first by including percent n3-FA (EPA, 
DHA, EPA+DHA) as univariate predictors; second, 
after adjustment for age, sex, race, study center, 
highest level of education, health insurance status, 
body mass index, diabetes mellitus status, systolic 
blood pressure, use of antihypertensive medica-
tions, smoking, estimated glomerular filtration rate, 
history of liver disease, and history of malignancy; 
and third, after adjustment for pharmacologic mod-
ulators of bleeding risk including self-reported use 
of aspirin (≥3 times weekly), NSAIDS, corticoster-
oids, or proton pump inhibitors. When considering 
incident AF as the outcome variable, hazard mod-
els were built similarly in blocks following the same 
stepwise adjustment, with the final model adjusting 
for age, sex, race, study center, highest level of edu-
cation, health insurance status, body mass index, 
diabetes mellitus status, systolic blood pressure, 
use of antihypertensive medications, smoking, esti-
mated glomerular filtration rate, heart rate, history of 
malignancy and self-report of moderate to vigorous 
exercise. Following conventional assumptions of 
Cox proportional hazard modeling, censoring was 
assumed to occur at random and independent of 
either outcome.

Exploratory analyses were performed consider-
ing incident malignancy and aspirin prescription (for 
bleeding outcome) and incident coronary heart dis-
ease (for AF outcome) as time-varying covariates. 
These variables were selected as a means to test 
the strength of any potential association baseline n3-
FA and the outcomes of interest over time. Further, 
prespecified sensitivity analyses were performed ad-
justing for self-report of n3-FA supplementation at 

baseline. Finally, given mounting evidence regarding 
the pleiotropic noncardiovascular benefits of n3-FA 
on multiple health outcomes, and to address potential 
residual confounding (overall health bias), we tested 
the association between plasma n3-FA levels and the 
negative control outcome of incident hip fracture.9 All 
statistical analyses were performed using STATA (ver-
sion 14.2, StataCorp LLC).

RESULTS
The baseline characteristics of participants are 
shown in Table 1. The mean age of participants was 
62.1±10.2 years, 53% were women, and 38.5% were 
of White, 27.5% were of Black, 22% were of Hispanic, 
and 12.1% were of Chinese American race/ethnicity. 
Median plasma n3-FA was 0.67% (interquartile range 
[IQR], 0.49–0.99) for EPA, 3.59% (IQR, 2.72–4.69) 
for DHA, and 4.26% (IQR, 3.28–5.64) for EPA+DHA. 
At baseline, 254 participants (4.1%) self-reported 
nonprescription-strength n3-FA supplementation, 
among whom median plasma EPA was 1.10% (IQR, 
0.71–1.64), DHA was 4.40% (IQR, 3.61–5.78), and 
EPA+DHA was 5.66% (IQR, 4.47–7.22). In total, 225 
(3.4%) patients experienced a hospitalized bleeding 
event and 936 (14.3%) patients had incident AF over 
a median of 14 years of follow-up. Further, over the 
same follow-up period, 687 (10.5%) patients devel-
oped incident malignancy, 2986 (47.8%) patients had 
a clinical indication for aspirin prescription ≥3 times 
per week, and 389 (5.9%) patients were diagnosed 
with incident coronary heart disease before experi-
encing either a major bleeding or AF event. Among 
participants experiencing a major bleeding event, 
the majority (37.8%) had coronary artery calcium 0, 
whereas among participants experiencing AF, the 
majority (45%) had coronary artery calcium ≥100.

A significantly reduced hazard of major bleeding 
was observed with higher plasma EPA and EPA+DHA, 
but not DHA, in both unadjusted and adjusted models 
(Table 2). In a prespecified sensitivity analysis adjusting 
for self-reported n3-FA supplementation at the baseline 
examination, EPA (HR, 0.69; CI, 0.53–0.91 [P=0.01]) 
and EPA+DHA (HR, 0.78; CI, 0.65–0.94 [P=0.01]) re-
mained inversely associated with incident major bleed-
ing, with no significant association observed with DHA 
(HR, 0.68; CI, 0.44–1.05 [P=0.08]). In an exploratory 
analysis adjusting for incident malignancy as a time-
varying covariate, a similar reduction in bleeding was 
seen with higher plasma EPA (HR, 0.75; CI, 0.58–
0.97 [P=0.03]) and EPA+DHA (HR, 0.81; CI 0.68–0.97 
[P=0.02]), but not DHA alone (HR, 0.68; CI 0.45–1.04 
[P=0.08]) (Table 3). There was no association between 
baseline n3-FA level and bleeding following adjustment 
for the development of a clinical indication for aspirin 
as a time-varying covariate (Table 3).
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Conversely, a significantly reduced hazard of inci-
dent AF was observed with higher plasma DHA (but 
not EPA or EPA+DHA) following adjustment for socio-
demographic and AF risk factors (Table 2). Adjusting 
for self-reported n3-FA supplementation at the base-
line examination, the association between DHA and 
AF was no longer statistically significant (HR, 0.83; CI, 
0.68–1.03 [P=0.06]). In a similar exploratory analysis 
as performed with the outcome of major bleeding, 
after adjusting for incident coronary heart disease, 
a reduced hazard of incident AF was observed with 
higher baseline plasma DHA (HR, 0.80; CI, 0.65–0.98 
[P=0.03]), but not with EPA or EPA+DHA (Table 3).

Finally, no association was observed between 
plasma n3-FA levels and the negative control of inci-
dent hip fracture in similarly adjusted models as for the 
primary outcome measures (data not shown).

DISCUSSION
Our results show that in a cohort of community-
dwelling individuals without established cardiovascu-
lar disease, higher plasma concentrations of EPA and 
EPA+DHA (but not DHA) at baseline were associated 
with less incident major bleeding events over a median 
of 14 years of follow-up. This association persisted fol-
lowing adjustment for baseline use of nonpharmaco-
logic n3-FA supplementation and incident malignancy 
(but not aspirin prescription) as time-varying covari-
ates. The absence of an independent association be-
tween DHA and bleeding suggests that the observed 
association between EPA+DHA and this outcome was 
driven by EPA, and not an additive effect of EPA+DHA. 
Conversely, higher plasma levels of DHA (but not EPA 
or EPA+DHA) at baseline were associated with less 

Table 1.  Baseline Characteristics

All (N=6546)
Hospitalized Bleeding Event at Follow-Up 

(n=225) AF at Follow-Up (n=936)

Age, y 62.1±10.2 66.7±9.7 69.5±8.5

Sex, n (%)

Women 3468 (53.0) 111 (49.3) 150 (43.0)

Men 3078 (47.0) 114 (50.7) 199 (57.0)

Race​/ethnicity, n (%)

White 2518 (38.5) 82 (36.4) 191 (54.7)

Chinese American 793 (12.1) 26 (11.6) 27 (7.7)

Black 1798 (27.5) 65 (28.9) 70 (20.1)

Hispanic 1437 (22.0) 52 (23.1) 61 (17.5)

Aspirin use (≥3 times per wk), n (%) 1248 (19.9) 52 (24.3) 116 (35.2)

Diabetes mellitus, n (%) 812 (12.4) 35 (15.6) 52 (14.9)

Smoking status, n (%)

Never 3285 (50.3) 103 (45.8) 152 (43.8)

Former 2383 (36.5) 90 (40.0) 161 (46.4)

Current 857 (13.1) 32 (14.2) 34 (9.8)

Antihypertensive use, n (%) 2422 (37.0) 115 (51.1) 187 (53.7)

Alcohol use, n (%) 3607 (68.7) 122 (63.9) 193 (64.8)

NSAIDs, n (%) 1137 (17.4) 38 (16.9) 55 (15.8)

Nonprescription omega-3 
supplements, n (%)

254 (4.1) 12 (5.7) 8 (2.5)

Corticosteroids, n (%) 98 (1.5) 7 (3.1) 12 (3.5)

Proton pump inhibitors, n (%) 405 (6.2) 21 (9.3) 29 (8.3)

CAC categories, n (%)

CAC 0 3288 (50.2) 85 (37.8) 90 (25.8)

CAC 1–99 1738 (26.6) 61 (27.1) 102 (29.2)

CAC ≥100 1520 (23.2) 79 (35.1) 157 (45.0)

CAC ≥400 637 (9.7) 43 (19.1) 82 (23.5)

EPA (% mass), median [IQR] 0.67 [0.49–0.99] 0.61 [0.42, 0.97] 0.67 [0.47–0.99]

DHA (% mass), median [IQR] 3.59 [2.72–4.69] 3.39 [2.71–4.55] 3.53 [2.61–4.50]

EPA+DHA (% mass), median [IQR] 4.26 [3.27–5.64] 4.09 [3.30–5.37] 4.18 [3.17–5.48]

AF indicates atrial fibrillation; CAC, coronary artery calcium; CHD, coronary heart disease; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; and 
IQR, interquartile range.
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incident AF following adjustment for age, sex, race, 
and other established AF risk factors. This association 
persisted following adjustment for incident coronary 
heart disease as a time-varying covariate, but not fol-
lowing adjustment for nonpharmacologic n3-FA sup-
plementation at baseline.

The differential associations between EPA and 
DHA with bleeding and AF are of interest and may 
reflect intrinsic structural differences between the 

two. DHA has an additional double bond and 2 more 
carbons compared with EPA. These biophysical 
properties may impact the nature of their interactions 
with surrounding membrane lipids, with implications 
on lipid raft formation and downstream signal trans-
duction pathways.10 These, in turn, may impact their 
respective antithrombotic and membrane-stabilizing 
effects.11 Our results are consistent with reports from 
CHS (Cardiovascular Health Study) demonstrating an 
inverse association between baked fish (containing 
higher relative concentrations of DHA versus EPA) 
and incident AF, as well as observational data from the 
surgical literature reporting that nonpharmacologic-
strength n3-FA supplementation was not associated 
with an increased incidence of perioperative bleeding 
or abnormal coagulation parameters.12 An important 
limitation of our study, however, is that neither bleed-
ing nor AF events were prospectively adjudicated in 
MESA.

Overall, despite being consistent with prior obser-
vational studies, our results may be seen as conflict-
ing with prior randomized studies of high-dose n3-FA 
supplementation. Excess bleeding has been re-
ported in JELIS (Japan EPA Lipid Intervention Study) 
and REDUCE-IT, and excess AF in REDUCE-IT, 
STRENGTH (Outcomes Study to Assess Statin 
Residual Risk Reduction With EpaNova in High CV 
Risk Patients With Hypertriglyceridemia), and the 
OMEMI (Omega-3 Fatty Acids in Elderly Patients 
With Acute Myocardial Infarction) trial.2,13,14 A di-
rect comparison between the achieved blood levels 
among MESA participants and trial participants is 
limited by differing techniques used in their measure-
ment. However, the blood concentrations among 
MESA participants are almost assuredly lower than 
those in clinical trials, given the significantly higher 
n3-FA concentrations in prescription formulations. 
Furthermore, the concentrations we report in MESA 
are consistent with those reported from other longitu-
dinal community-based cohorts.15 Thus, the discrep-
ancy between our observational findings and those 
from the randomized trials likely relates to the low 
absolute plasma levels among MESA participants 
compared with the on-treatment levels of trial partic-
ipants, as well as inherent differences in interpreting 
baseline n3-FA levels in healthy community-dwelling 
individuals versus high-risk patients enrolled in trials 
with an active n3-FA intervention. One rationale for 
our findings in the context of the clinical trial data is 
a potential J-shaped association, wherein a thresh-
old of n3-FA concentrations exists beyond which 
the balance of antiaggregatory and antiarrhythmic 
properties shifts toward increased bleeding and 
arrhythmia.

There are several strengths to our study, foremost 
of which is that MESA is a unique study population 

Table 2.  HRs for Incident Hospitalized Bleeding and AF 
Events

HR

Major Bleeding

CI P Value

Log EPA

Unadjusted 0.75 0.60–0.94 0.01

Model 1 0.74 0.58–0.94 0.02

Model 2 0.76 0.59–0.98 0.03

Model 3 0.75 0.53–0.91 0.01

Log DHA

Unadjusted 0.79 0.57–1.10 0.17

Model 1 0.66 0.44–0.98 0.04

Model 2 0.72 0.48–1.08 0.12

Model 3 0.69 0.45–1.05 0.08

Log EPA+DHA

Unadjusted 0.84 0.73–0.98 0.03

Model 1 0.80 0.68–0.95 0.01

Model 2 0.83 0.69–0.98 0.03

Model 3 0.82 0.68–0.97 0.03

AF

Log EPA

Unadjusted 1.09 0.98–1.21 0.09

Model 1 0.98 0.87–1.09 0.70

Model 2 0.99 0.89–1.12 0.96

Log DHA

Unadjusted 1.05 0.89–1.23 0.57

Model 1 0.78 0.64–0.95 0.01

Model 2 0.81 0.67–0.99 0.04

Log EPA+DHA

Unadjusted 1.05 0.98–1.13 0.17

Model 1 0.95 0.88–1.03 0.20

Model 2 0.97 0.89–1.05 0.40

Models for bleeding include model 1: age, sex, race/ethnicity, and MESA 
(Multi-Ethnic Study of Atherosclerosis) site adjusted; model 2: model 1 plus 
education, insurance, body mass index (BMI), diabetes mellitus, systolic 
blood pressure (SBP), blood pressure (BP) medications, smoking status, 
estimated glomerular filtration rate (eGFR), history of cancer, and history of 
liver disease; model 3: model 2 plus aspirin, NSAIDS, oral steroids, or proton 
pump inhibitors. Models for atrial fibrillation (AF) include model 1: age, sex, 
race/ethnicity, and MESA site adjusted; and model 2: model 1 plus education, 
insurance, BMI, diabetes mellitus, SBP, BP medications, smoking status, 
eGFR, heart rate, history of cancer, and moderate to vigorous exercise. 
DHA indicates docosahexaenoic acid; EPA, eicosapentaenoic acid; and HR, 
hazard ratio.
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for this particular analysis, given the large number 
of participants with baseline n3-FA measurements 
(>6000), in addition to other features such as eth-
nic diversity, long duration of follow-up, and contem-
porary medical therapy. Other important limitations 
to our study in addition to the lack of formally ad-
judicated end points include residual confounding 
that may persist beyond multivariate adjustment. To 
this end, the lack of significant association between 
baseline n3-FA level and the negative control of hip 
fracture suggests that our findings are likely specific 
to our outcome measures and not a reflection of 
pleiotropic benefit. Another limitation is that our find-
ings lack generalizability to higher-risk populations 
who may not be receiving pharmacologic strength 
n3-FA supplementation but may still have augmented 
blood levels resulting from dietary or nonpharmaco-
logic strength supplementation.

CONCLUSIONS
We report an inverse association in incident hospital-
ized bleeding events with higher baseline plasma levels 
of EPA and EPA+DHA, and in incident AF with higher 
baseline levels of DHA in a multiethnic population free 
of baseline cardiovascular disease. We hypothesize 
that a threshold of n3-FA concentrations exists, likely 
in the context of pharmacologic dosing, beyond which 
a predisposition toward increased bleeding and ar-
rhythmia is incurred. As indications for n3-FA–based 
therapies continue to expand, future studies should 
focus on whether the dose-dependency of cardiovas-
cular benefit is also manifested in safety signals such 
as bleeding and AF.
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